Methods: A total of 212 children, aged 3-4 years, were randomly allocated to one of three groups for treatment of carious dentine cavities in their primary teeth: Gp1-annual application of SDF, Gp2-semi-annual application of SDF, and Gp3-annual application of glass ionomer. Follow-up examinations were carried out every six months to assess whether the treated caries lesions had become arrested.
INTRODUCTION
Similar to many developing countries, in China, due to the under-developed oral health care system, most of the decayed teeth in children remain untreated, especially among those living in rural areas where the situation is more serious.
1,2 Untreated dental caries in children can lead to problems with food intake, sleep, daily activities, and self-esteem. 3 Thus, simple clinical methods that are effective in treating decayed teeth under field condition are needed for the mass child population.
Traditionally, dental caries is treated by a surgical restorative approach. This requires sophisticated dental equipment and well-trained operators, and is relatively expensive. In recent years, remineralization of caries lesions has gained acceptance in the practice of minimally invasive dentistry and caries arrest treatment is being promoted as part of the basic package of oral care. 4, 5 Among the available methods, topical application of silver diamine fluoride (SDF) solution has been shown to be effective in arresting active caries in primary teeth. [6] [7] [8] In a clinical trial among Chinese preschool children, a 38% SDF solution was applied once a year onto the caries lesions in primary anterior teeth. 6 The success rate of SDF in arresting caries after 30 months was around 70%. In a clinical trial in Cuba, SDF solution was applied onto primary canines and molars, and first permanent molars of school children every 6 months for 36 months. 7 Most (77%) of the treated caries lesions that were active at baseline became arrested. Another clinical trial in Nepal found that approximately 35% of the active carious cavities in primary teeth became arrested at the 24-month follow-up after a single application of 38% SDF solution. 8 Whether a higher caries arrest rate can be achieved through more frequent applications is unknown. One of the outcomes of SDF applications is that the arrested caries lesion will turn black in color which may not be pleasing. There is a need to look for another effective treatment that can produce a better esthetic.
Glass ionomer has been used as a material for placement of dental restorations and is known to release fluoride which can help to remineralize carious lesion. 9 Recently, a flowable high fluoride-releasing glass ionomer material is introduced. A laboratory study found that it could release 213 µg/mm 2 of fluoride in the first day after setting which was double the amount released by a resin-modified glass ionomer. 10 The high concentration of fluoride ion released may help to arrest active caries and to prevent new dental caries development. Furthermore, its white color makes it a good choice for use in anterior teeth. However, clinical evidence on its effectiveness in arresting dental caries is lacking.
The objective of this clinical trial was to compare the effectiveness of annual topical application of silver diamine fluoride (SDF) solution, semi-annual topical application of SDF solution, and annual application of a flowable high fluoride-releasing glass ionomer in arresting active dentine caries in primary teeth.
The null hypothesis to be tested in this clinical trial was that there was no difference in the effectiveness of the three treatments in arresting active caries.
MATERIALS & METHODS
The study site was conducted in 2007-2009 in a suburb of Guangzhou, Guangdong
Province in southern China. Approval from the Independent Review Board of the University of Hong Kong (HK Clinical Trial Register UW07-083) was obtained. The study sample was recruited from the generally healthy children attending six kindergartens. Baseline examinations were conducted by two calibrated examiners in the kindergartens using an intra-oral LED light and disposable mouth-mirrors. After the examination, children who had teeth with active dentine caries not involving the pulp were invited to participate in the trial. Only children with written consent from their parents were accepted. Children who refused dental treatment and teeth that were grossly broken down, more than one third of the crown missing, or pulpally involved were excluded. Tooth with pulp exposure, presence of an abscess or a sinus, obvious discoloration, and premature hypermobility were regarded as pulpally involved tooth.
Status of the dentine caries lesions were assessed by visual inspection and aided by tactile detection using a sharp probe. Cavities with yellowish/brown rough wall/floor which could be easily penetrated by the probe using a light force were diagnosed as active. Those with smooth hard surfaces which could not be penetrated were classified as arrested. Great care was exercised not to damage the teeth when probing was used. Five surfaces in each posterior tooth (occlusal, buccal, lingual, mesial and distal) and four surfaces in each anterior tooth were assessed.
After the examination, children fulfilling the inclusion criteria were allocated individually to one of three treatment groups based on computer-generated random numbers by an assistant. To avoid over clustering, up to 3 decayed teeth in one child, selected using computer-generated random numbers, were included in this study. The parents were advised to bring their children to a dentist for treatment of decayed teeth not included in this study.
When providing treatment, the superficial soft decayed tissues of the selected decayed primary tooth were removed by hand instruments. Then, depending on the child's group allocation, either a 38% SDF solution (Saforide, Seiyaku Kasei Co. Ltd., Osaka, Japan) or a low viscosity, high fluoride-releasing glass ionomer material (Fuji VII, GC Corporation, Tokyo, Japan) was painted onto the cavity with a small disposable brush. Before application of glass ionomer, the cavity surfaces were conditioned with the conditioner supplied by the manufacturer, washed with a wet cotton pellet, and dried. Children in Group 1 received SDF solution application every 12 months; children in Group 2 received SDF solution application every 6 months;
and children in Group 3 received glass ionomer application every 12 months. The children were instructed not to eat or drink for at least 30 minutes after the application.
Follow-up examinations at 6-month intervals were carried out by a single examiner who was not involved in the provision of treatments and did not know the children's group assignment. The treated caries lesions were classified as either active or arrested according to the diagnostic criteria used at baseline. Lesions in Group 3 that were totally covered by the glass ionomer material were classified as arrested. A random 10% sample of the children were re-examined during each examination to monitor intra-examiner reproducibility.
Questionnaires were completed by the parents at baseline and after 24 months to collect information on the child's tooth brushing behavior, use of fluoride toothpaste, frequency of candy or sweet snack intake between meals, and parent's satisfaction with the child's dental appearance.
In the calculation of sample size required, the anticipated 24-month caries arrest rate of annual application of SDF solution was 70%. 6 An absolute difference of 12% in rates between groups was regarded as clinically significant. Based on a 5%
statistical significance level and an 80% power, 200 lesions in each group would be required. Assuming, on average, each child had 4 caries lesions, 50 children were needed in each group. Anticipating a 20% drop-out rate, 200 children for the three study groups were recruited.
Collected data were entered into computer and analyzed using the software SPSS 16.0 for Windows (SPSS Inc., Chicago, USA) and SAS 9.2 (SAS Institute Inc., Cary, USA). Chi-square test and ANOVA were used, when appropriate, to assess the differences between the three groups of children regarding their demographic background, baseline toothbrushing habit and dmft score, and caries arrest rates at the 24-month evaluation. Since more than one caries lesion were chosen from one child, GEE (Generalized Estimating Equation) approach was used to adjust for the clustering effect and a multi-level non-linear logistic regression model was built.
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The dependent variable was whether the lesion was arrested or not at the 24-month examination, and the independent variables included the child's group assignment, gender, toothbrushing frequency, use of fluoride toothpaste, snacking habit, baseline dmft score, tooth type and tooth surface involved. Statistical significance level was set at 0.05 for all tests.
RESULTS
At baseline, 481 children were screened and 212 children (114 boys, 98 girls) with a total of 719 active dentine caries lesions meeting the criteria were included and randomly allocated into three treatment groups (Figure 1 ). There were 71, 69, and 72 children in Groups 1 to 3, respectively.
The mean age of the children was 3.8±0.6 years. Most of them did not brush their teeth daily and around two thirds of them used fluoridated toothpaste ( Table 1 ). The mean dmft score of the children at baseline was 5.1±4.0. Around half of the included teeth were upper anterior teeth, and the most commonly involved surfaces were mesial, occlusal and distal surfaces. No statistically significant differences were found among the three groups of children in any of the above parameters.
After 24 months, 181 (85%) children remained in the study, 60, 59 and 62 children in Groups 1 to 3, respectively. The drop-out rates among the three groups were similar (χ 2 test, p>0.05). There were no statistically significant differences in the baseline toothbrushing habit and mean dmft scores between the children who remained and those who were lost to follow-up (5.0 vs. 5.3; p>0.05).
Intra-examiner reproducibility was good, with Cohen's Kappa statistic values greater than 0.9 in the baseline and follow-up examinations. As shown in Table 2 , the caries arrest rates of the treatments found at the 24-month examination were 79%, 91% and 82% for Group 1 (SDF 12-month), Group 2 (SDF 6-month), and Three variables remained in the final multi-level logistic regression model, namely group assignment, tooth type, and tooth surfaces ( Table 3 ). The variables that were not statistically significant were gender (boy vs. girl), toothbrushing frequency (twice daily vs. once daily or less often), frequency of sweet snack intake (twice or more daily vs. once daily or less often), and baseline dmft score. Lesions treated by semi-annual topical application of SDF (Group 2), those in anterior teeth, and those in the buccal or lingual tooth surfaces had a higher chance to become arrested.
Compared to those in Group 1, caries lesions in Group 2 had 2.98 times chance to become arrested (p=0.007) while lesions in Group 3 had a similar chance (p>0.05).
Treatments for caries lesions in anterior teeth had 5.55 times chance compared to posterior teeth to arrest the caries (p<0.001). Caries lesions in buccal or lingual tooth surfaces had 15.6 times chance compared to those on occlusal or approximal surfaces to become arrested (p=0.004).
Regarding the color of the arrested caries lesions at the 24-month examination, all except one lesion treated with SDF were black while 82% of those treated by glass ionomer were yellow/brown (x
DISCUSSION
This study was a randomized clinical trial using a parallel group design. For ethical reasons, all children in this study received treatment for their decayed teeth. It has been reported that annual application of SDF is an effective treatment to arrest active dentine caries but blackening of the lesions may not be pleasing. 12, 13 The caries arrest rate of annual application of SDF after 24 months in this study is similar to that found in an earlier study on Chinese preschool children. 6 In this study, when the frequency of SDF application was increased to every 6 months, the proportion of active dentine that had became arrested increased. This is in line with the general recommendation that high risk children should receive more frequent topical fluoride applications.
14,15
Application of SDF solution every 6 months coincides with the commonly recommended frequency of recall visits for high risk patients. 16, 17 Better results in managing dental caries in young children can be expected if SDF solution is applied onto the carious lesions every time a child visits a dentist at this recall frequency. This would be an appropriate alternative treatment to the conventional restorative approach in young children who are uncooperative and in places where the supply of dentist is scarce.
This study is probably the first one to investigate the effectiveness of annual paint-on of a flowable glass ionomer to arrest active dentine caries in primary teeth and found that it could be as effective as annual application of SDF solution.
Although more time and manipulation in the process of application is needed, application of a flowable glass ionomer provides an alternative treatment when application of SDF solution is not accepted due to its taste or blackening of the arrested lesion. Lighter color of the arrested caries lesion makes application of glass ionomer instead of SDF solution an intriguing method, especially for anterior teeth.
Despite this, in this study parental satisfaction with their child's dental appearance was similar among the three treatment groups. This may be because the parents were not too concerned about the color of the arrested lesions or that presence of decayed teeth was a greater problem. Since higher cost, more skillful operator and longer treatment time are needed for application of flowable glass ionmer compared to SDF solution, it is more practical to apply glass ionmer in dental clinics or where appearance is of great concern.
Safety of using silver fluoride solution in preschool children had once been doubted and the high fluoride concentration was the main concern. 18 So far, no severe side effect has been reported. 12 It has been estimated that each application of 38% SDF solution only contains 0.2 mg fluoride, 19 which is far below the probably toxic dosage of 5 mg/kg. 20 The amount of fluoride released from the glass ionomer material used in this study is around 0.2 mg/mm 2 in one day after initial setting. 10 These low dosages of fluoride are unlikely to have any systemic health effects and the study treatment methods should be very safe for use in preschool children.
Glass ionomer at a high viscosity has been used for placement of restorations in carious cavities in primary teeth in field setting, especially in the atraumatic restorative treatment (ART) approach. 21 However, the relatively low retention rate of these ART restorations is a problem. 22, 23 Painting on a layer of flowable glass ionomer to cover the carious cavity and allowing the high release of fluoride to arrest the lesion may be a more practical treatment when full restoration of original tooth morphology is not needed. In this study, full retention of the applied glass ionomer material was found in only 3.5% of the treated lesions after 24 months. Many factors can contribute to this low retention rate, such as the low strength of the flowable glass ionomer which was produced primarily for use as a fissure sealant rather than as a restorative material, the lack of retentive cavity form in the carious cavities in primary teeth, and that only the superficial soft carious dental tissues were removed before application of the glass ionomer.
In this study, information on selected possible confounding factors was collected.
Clustering effect of having more than one lesion in a child was adjusted. 24 In the final multi-level logistic regression model, it was found that the child's demographic background, oral health habits, and baseline caries experience did not significantly influence the outcome, i.e. caries arrest. The effect of having more frequent application of SDF was confirmed. It was also found that lesions in the anterior teeth and buccal/lingual surfaces had a higher chance to become arrested. This is probably because these teeth and surfaces are easier to be cleaned by young children. It is also important to find that upper anterior teeth, being commonly involved in early childhood caries, respond well to caries arrest treatment.
This study shows that regular applications of topical fluoride agents can stop the dental caries process even when the lesion has progressed into dentine. Use of simple caries arrest treatment in outreach community health services will be of great significance in the control of the prevalent dental caries problem in many child populations. 25 This is especially so in places where accessibility to proper dental care is limited.
Conclusions
Based on the results of this study, the null hypothesis is rejected. It is concluded that while the effectiveness of annual application of SDF solution and that of annual application of a flowable high fluoride-releasing glass ionomer in arresting active dentine caries in primary teeth does not differ significantly, increasing the frequency of application of SDF solution to every 6 months can increase the caries arrest rate. Table 2 Caries arrest rates at the follow-up examinations in the three study groups. 
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